Abstract Among perinatally HIV-infected (PHIV) and perinatally HIV-exposed, uninfected (PHEU) youth, we evaluated the contributions of home environment, psychosocial, and demographic factors and, among PHIV only, HIV disease severity and antiretroviral treatment (ART), to cognitive functioning (CF) and behavioral functioning (BF). A structural equation modeling (SEM) approach was utilized. Exploratory factor analysis was used to reduce predictor variables to major latent factors. SEMs were developed to measure associations between the latent factors and CF and BF outcomes. Participants included 231 PHIV and 151 PHEU youth (mean age = 10.9 years) enrolled in the PHACS adolescent master protocol. Youth and caregivers completed assessments of CF, BF, psychosocial factors and HIV health. Medical data were also collected. Clusters of predictors were identified, establishing four parsimonious SEMs: child-assessed and caregiver-assessed BF in PHIV and PHEU youth. Among both groups, higher caregiver-child stress predicted worse BF. Caregiver resources and two disease severity variables, late presenter and better past HIV health, were significant predictors of CF in PHIV youth. Higher youth CF was associated with better caregiver-reported BF in both groups. Caregiver resources predicted caregiver-reported BF in PHEU youth, which was mediated via youth CF. Among PHIV youth, better past HIV health and caregiver resources mediated the effects of CF on caregiver-assessed BF. Using SEMs, we found a deleterious impact of caregiver and child stress on BF in both groups and of HIV disease factors on the CF of PHIV youth, reinforcing the importance of early comprehensive intervention to reduce risks for impairment.
Introduction
Despite advances in medical treatment in the era of highly active antiretroviral therapy (HAART), children and adolescents with perinatally acquired HIV infection (PHIV) and perinatal HIV exposure (PHEU) remain at-risk for impaired cognitive functioning (CF) and behavioral functioning (BF) [1, 2] ; etiology of deficits are varied and complex. HIV-related cognitive dysfunction can manifest across a wide range of severity levels. Mild to moderate selective deficits, including decreased attention and concentration, reduced speed of information processing, executive dysfunction, and verbal memory impairment [3, 4] , have been observed in both PHIV and PHEU youth. Global cognitive impairment has been noted among PHIV and PHEU, particularly among PHIV youth with CDC class C diagnosis (AIDS) and severe progressive encephalopathy [4] . Behavioral problems, which are more prevalent among PHIV and PHEU youth compared to the general population [5, 6] , include externalizing and internalizing problems, as well as DSM-IV and DSM-V psychiatric diagnoses of depression, anxiety, and attention deficit hyperactivity disorder (ADHD) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Behavioral problems may be exacerbated in the presence of cognitive impairment [15] .
Prospective longitudinal investigations during the era of HAART have contributed to existing knowledge regarding the etiology and nature of cognitive and behavioral sequelae of HIV infection and exposure. Potential mechanisms by which HIV and/or HAART impact brain development and function include neuronal injury prior to HAART, neuronal injury secondary to inflammatory responses and neurotoxic viral effects of in utero antiretroviral exposure for PHIV and PHEU youth [1, 16] . Markers of HIV disease severity are associated with white matter microstructure changes and cognitive deficits among youth with PHIV [17] .
Recent studies have identified the significant impact of psychosocial and contextual factors, such as family income, parental education, and stress, on neural plasticity and brain structure and function throughout development [18] [19] [20] . Among both PHIV and PHEU youth, poverty, limited family resources and highly stressful caregiving environments are not uncommon and may be implicated to varying degrees in the quality of cognitive and behavioral functioning and the presence and persistence of deficits or disorders [12, 21] .
HIV disease-related factors, psychosocial factors and environmental characteristics have been evaluated simultaneously via multivariate modeling in an effort to identify their differential and combined impact on cognitive and behavioral outcomes. However, synthesis of findings has been difficult due to methodological differences, including the wide variation in participants and number and types of factors that were evaluated in statistical modeling. Few investigations have examined the complex interactions, multiple pathways and directionality of disease-related and psychosocial factors inherent to the longitudinal impact of HIV infection and HIV exposure on children and adolescents [2, 22] . Comparing developmental pathways of youth with PHIV and PHEU youth with in utero HIV/ARV exposure will potentially elucidate the unique contributions of HIV in the context of similar environmental risk factors and may contribute to our understanding of the service needs of youth with PHIV and a growing population of youth globally who are exposed to HIV but remain uninfected [2, 5, 6, 9, 14] .
Using structural equation modeling (SEM), the purpose of this study was to evaluate the direct and indirect relationships of HIV disease, HAART therapies, home environment and psychosocial factors with both cognitive and behavioral functioning in youth with PHIV; we also evaluated the indirect effects of these factors on behavioral functioning among PHIV youth, as mediated by their effects on cognition. To more fully understand the risks associated with in utero HIV and ART exposure among PHEU youth, we examined the relationships of home environment and psychosocial factors with cognitive and behavioral functioning.
Methods

Participants
Data for these analyses were obtained from the adolescent master protocol (AMP) of the pediatric HIV/AIDS cohort study (PHACS), a prospective, longitudinal study examining the impact of perinatal HIV infection and antiretroviral (ARV) therapy on children and adolescents affected by HIV. PHIV and PHEU youth were enrolled in 15 AMP sites in urban areas of the United States including Puerto Rico. Eligibility criteria included: (1) perinatal HIV exposure, (2) age 7-\16 years at study entry, (3) English or Spanish speaking, and (4) among PHIV youth, engaged in medical care with available ARV history (see Table 1 ).
In order to be included in this analysis, AMP subjects were additionally required to have a valid assessment of CF at the 3 year AMP visit and a valid assessment of both child-and caregiver-reported BF within the subsequent 2 years. Each assessment is rated for validity by the centrally-trained, administering psychologist then reviewed by a quality assurance team who re-assesses appropriateness of data inclusion based on the specific research questions under study.
Procedures
AMP was approved by all sites' Institutional Review Boards and by the Harvard T.H. Chan School of Public Health. Parents, legal guardians or youth [18 years provided written informed consent; youth \18 years provided assent according to age and local institutional review board guidelines.
Data collection for AMP occurred at study entry and at 6 month (2007-2010) and annual (2010-2014) visits. These included physical exam, medical record review, and structured demographic interviews. Cognitive data were collected at year 3 study visit and behavioral evaluations were completed within 2 years of cognitive evaluation. Psychosocial and biomedical information from the entry visit and information regarding stressful life events from the one year visit were included in this analysis.
Measures Predictor (exogenous) Measures
Psychosocial Factors
Psychosocial measures indicative of potential sources of familial stress and support were examined including the caregivers' relationship to the child (e.g., birth parent, adoptive parents) and marital status (e.g., married/widowed, separated/divorced, single/never married), the family's annual household income and number of family members supported by it, caregiver illicit drug use in the last 6 months, the caregiver's high school graduation status and IQ as assessed on the Wechsler Abbreviated Scale of Intelligence [23] , the parent-child relationship as measured on the parent-child relationship inventory [24] and specific information related to all stressful events as assessed on the caregiver report of Quality of Life and negative life events as assessed by the child on the Life Events Checklist [25] .
HIV Control (HIV Severity and Treatment)
Biomedical markers were examined to identify both past and current HIV disease status, including nadir and current SD standard deviation, BASC-2 behavioral assessment system for children, second edition, WISC-IV wechsler intelligence scales for children, WAIS-IV wechsler adult intelligence scales, WASI wechsler abbreviated scales of intelligence a Characteristics not available or not reported for some participants, including race/ethnicity (18), household income (12), caregiver mental health, drug abuse, and # drugs reported on the Client Diagnostic Questionnaire (25), # negative life events from the Life Events Checklist (8), and parent-child relationship inventory (18) CD4 %, peak and current HIV RNA plasma levels (viral loads, VL), HIV-related encephalopathy prior to entry, and prior AIDS defining condition based on center for disease control and prevention (CDC) class C criteria. Age of initiation of HAART, and specific components of the regimen (PI vs NNRTI based), were considered, as well as age at peak VL and nadir CD4 %.
Outcome (endogenous) Measures
Cognitive Functioning (CF)
The Wechsler Intelligence Scale for Children, Fourth Edition (25: WISC-IV) and the Wechsler Adult Intelligence Scale, Fourth Edition (26: WAIS-IV) were used as the primary endogenous indicators of current CF. The WAIS-IV and WISC-IV demonstrate high reliability and validity [26, 27] and are widely used for research and clinical practice with adolescents and children with HIV infection [28] [29] [30] [31] [32] . Each measure provides age-normed standard scores in four domains: verbal comprehension, perceptual reasoning, working memory, and processing speed (mean score = 100; SD = 15).
Behavioral Functioning (BF)
The Behavioral Assessment System for Children (33: BASC-2) was used as the primary BF outcome. The BASC-2 has demonstrated good reliability and validity [33] and has been used in both research and clinical practice for children and adolescents with HIV [5, [34] [35] [36] . The BASC-2 is comprised of four behavioral indices for the child version (youth self-report: YSR) and three behavioral indices of the adult version (parent rating scale: PRS) and includes information pertaining to internalizing and externalizing problems, school and behavior problems, and adaptive behavior. Raw scores attained are converted into age-normed standard scores for each index, with higher scores reflecting greater behavioral problems (mean = 50; SD = 10).
Statistical Analysis
We conducted an exploratory factor analysis (EFA) to reduce the large number of predictor variables to a smaller set of latent factors. We then built SEMs to measure associations between the latent factors representing meaningful clusters of predictors and the CF and BF outcomes. Exploratory factor analyses were performed separately for PHIV and PHEU youth. Pearson correlations were used for the factor analysis on CF and BF outcome variables (domain scores for CF and behavioral indices for BF). For the factor analyses on predictor variables, a mixed correlation matrix was created with Pearson correlations calculated between two continuous measures, polychoric correlations calculated between two ordinal measures, and polyserial correlations calculated for a continuous measure with an ordinal measure. All factor analyses used squared multiple correlations as prior communality estimates, the principal factor method of extraction, and an oblique varimax rotation. The number of factors retained was based on the eigenvalues, scree plot, and interpretability of the rotated factor patterns. Based on the number and nature of latent variables identified in the factor analyses, four separate SEMs were then analyzed and included (1) child-assessed BF among PHIV youth, (2) caregiver-assessed BF among PHIV youth (3) child-assessed BF among PHEU youth, and (4) caregiver-assessed BF among PHEU youth. The structure of these SEMs is shown in Fig. 1 . Factor loadings and standardized path coefficients with p-values \ 0.05 were considered statistically significant. Overall SEM fit was assessed using absolute (standardized root mean square residual, SRMR), parsimony (root mean square error of approximation, RMSEA), and incremental (Bentler Comparative Fit Index, CFI) indices. Adequate fit is generally described as having a CFI greater than 0.9 and RMSEA less than 0.05. statistical analysis software (SAS) version 9.3 (SAS Institute, Inc., Cary, NC, USA) was used for all analyses.
Results
Study Population
Of the total 678 enrolled in AMP (see Table 1 ), 382 had complete data and met the stringent analyses requirements. A total of 296 subjects (43 %) could not be included in our analysis, consisting of 48 % of the 451 PHIV youth and 33 % of the PHEU youth. The majority of these (n = 182, 62 %) did not have a CF assessment at the year 3 visit, and an additional 100 youth had a CF assessment but did not have both a parent and child BF assessment completed (47 had neither, and 53 were lacking one or the other). Ten subjects had both the parent and child BASC completed, but it was not 2 years after the CF assessment. Finally, four subjects were confirmed to have an invalid assessment of either CF or BF after team review. A summary of the background demographic and psychosocial characteristics for the 382 eligible subjects is provided in Table 1 , overall and by cohort. The subjects were on average 11 years old at entry (SD = 2.49), just over half female, and primarily Black, including those who self-identify as AfricanAmerican, as well as other racial categories such as Black Caribbean. Those included in the analysis were younger on average than those not included, but did not differ in terms of other sociodemographic characteristics such as sex, race, caregiver makeup, ethnicity, parental education or family income. Table 2 provides a summary of HIV-related clinical and laboratory markers.
Exploratory Factor Analysis (EFA): CF and BF Outcome (Endogenous) Measures
All domains (subscales) of CF assessed on both the WISC-IV and WAIS-IV exhibited moderate correlations with 
Exploratory Factor Analysis (EFA): Predictor (Exogenous) Variables
Among PHIV youth, results of the EFA supported a 3-factor model for the disease severity variables, including ''better past HIV health'' (higher nadir CD4 %, no HIV related encephalopathy at entry, no CDC Class C diagnosis), ''HIV Control (HAART with PI at study entry, HAART without PI at study entry, other ARV at study entry, lower CD4 % at entry, higher log entry RNA) and ''late presenter'' (age at HAART initiation, age at nadir CD4 %, age at peak VL, log peak VL). The EFA also identified three factors among the psychosocial variables: ''Home Environment'' (caregiver relationship to child, caregiver marital status, annual household income \$20,000, number of drugs used by caregiver in last 6 months, number supported by household income), ''caregiver-child stress'' (any problem as assessed on the PCRI, caregiver mental health problem as assessed on the CDQ, number of negative life events, number of stressful life events) and ''caregiver resources'' (intellectual and educational resources, including caregiver IQ and high school graduation status).
Among the PHEU youth, results of the EFA supported a 3-factor model: ''caregiver relationship'' (any problem as assessed on the PCRI, caregiver is biological parent, annual household income \$20,000, caregiver married or widowed, caregiver separated or divorced), ''caregiver-child stress'' (caregiver mental health problem as assessed on the CDQ, number of stressful life events, number of negative life events, number of drugs used in the last 6 months, number supported by household income), and ''caregiver resources'' (caregiver WASI [/equal to 85, caregiver WASI not completed, annual household income \$20,000 (double loading) and caregiver high school graduation status). The loading factors for all EFAs are summarized in Supplemental Tables 1 (PHIV) and 2 (PHEU).
SEMs for PHIV Youth
Child-reported BF model Table 3 ), and a negative association observed between late presenters and CF (standardized coefficient = -0.19, Z = -2.28, p \ 0.05). caregiver-child stress was the only significant predictor of child-reported BF, suggesting that higher levels of stress were associated with higher scores (worse) on BF (standardized coefficient = 0.51, Z = 3.45, p \ 0.001).
Caregiver-Reported BF Model
Very similar associations were observed: positive associations of better past HIV health and caregiver resources with higher CF and a negative association of late presenters with CF. Caregiver-child stress was again found to be associated with higher (worse) scores for caregiver-reported BF (standardized coefficient = 0.50, Z = 3.25, p \ 0.01). A negative association (standardized coefficient = -0.29, Z = -2.68, p \ 0.01) was found between CF and caregiver-reported but not child-reported BF.
SEMs for PHEU Youth
Child-Reported BF Model
Caregiver-child stress was associated with child-assessed BF (standardized coefficient = 0.40, Z = 3.21, p \ 0.01) indicating that higher levels of stress were associated with higher (or worse) BF scores (or worse BF). Among PHEU youth, both caregiver relationship and caregiver resources were positively associated with CF (standardized coefficient = 0.32, Z = 3.00, p \ 0.01, and standardized coefficient = 0.37 Z = 3.76, p \ 0.001 respectively; Table 3 ).
Caregiver-Reported BF Model
For caregiver-reported BF, caregiver relationship and caregiver resources were positively associated with CF, and caregiver-child stress showed a stronger association with BF (standardized coefficient = 0.58, Z = 5.28, p \ 0.001) than observed with child-report. In addition, Caregiver Resources was associated with higher (worse) BF scores (standardized coefficient = 0.25; Z = 2.23, p \ 0.05). Similar to PHIV youth, a negative association was observed between CF and caregiver-reported BF in PHEU youth (standardized coefficient = -0.54; Z = -4.61, p \ 0.001).
Direct, Indirect and Total Effects on Behavioral Functioning
No indirect effects of the latent predictors were observed for child-reported BF among PHIV youth (see Table 4 ). Only caregiver-child stress had a significant direct effect on BF, which contributed to the significant total effect for this predictor (total effect = 0.47, Z = 3.29, p \ 0.01). For caregiver-assessed BF, caregiver-child stress again had a direct effect on BF which contributed to the significant total effect for this latent predictor (total effect = 0.44, Z = 3.03, p \ 0.01). In addition, better past HIV health and caregiver resources exhibited significant indirect effects on caregiver-reported BF (indirect effect = -0.12, Z = -2.05, p \ 0.05, and indirect effect = -0.10, Z = -2.28, p \ 0.05, respectively; Table 4) .
Among PHEU youth, no indirect effects of the latent predictors on child-reported BF were observed (see Table 4 ). However, caregiver resources and caregiver relationship both had significant indirect effects on caregiver-reported BF (indirect effect = -0.20, Z = -2.79, p \ 0.01, indirect effect = -0.17, Z = -2.24, p \ 0.05, respectively; Table 4 ), although the total effects were not significant for these two factors.
Model fit
Based on standard fit statistics for overall model fit in SEMs, we did not observe a strong fit for either caregiverreported or child-reported BF models in both study populations (PHIV and PHEU; see Table 3 ), reflecting the small number of factors associated with BF.
Discussion
The present study is one of the first to statistically explore the differential impact of home environment, psychosocial factors, and cognitive functioning on the behavioral functioning of youth infected with or affected by HIV, using structural equation modeling to identify the best combination of concomitant factors that contribute to cognitive and behavioral functioning. The inclusion of PHEU youth within this study allowed us to examine and compare the psychosocial and socio-demographic variables that uniquely contribute to their behavioral and cognitive profiles. Previous research regarding PHIV and PHEU youth has noted that both groups may be born into similar vulnerable communities but may not share the same opportunities and access to comprehensive medical and mental health care.
For PHIV youth, we were additionally interested in the role of HIV disease severity and treatment history and the individual and combined influences on both cognitive and behavioral functioning. Our results indicate that caregiver and family characteristics and histories of stressful life events predicted worse behavioral functioning scores among youth with PHIV and PHEU, aligning with theoretically driven hypotheses and earlier studies regarding the deleterious impact of stressful circumstances on cognitive and behavioral risk among the general population and HIVexposed youth [2, 37, 38] . Although a causal relationship cannot be established, our results suggest that youth whose families experience multiple personal and psychosocial stressors are at higher risk for CF and BF problems, regardless of their HIV infection status.
Among youth with PHIV, two HIV-disease severity variables, late presenter and better past HIV health, were significant predictors of cognitive functioning, supporting previous observations regarding consequences of earlier severe HIV disease progression and the importance of early access to effective ART [30, 39] . These findings also align with current research regarding the function of age of presentation and its association with both clinical presentation of the disease and later CF [16] . Interestingly, in the caregiver-reported BF models for both PHIV and PHEU youth, higher child CF was associated with significantly lower (better) caregiver-reported BF, supporting resilience theories that identify intelligence as a protective asset that is linked with more positive outcomes among youth in general and among those with chronic illness, such as HIV [40] .
The findings in the current study have important implications for clinical practice. In both PHIV and PHEU models, caregiver resources, including caregiver cognitive function, high school graduation status and family income (PHEU only), was an important predictor of both CF and BF (caregiver-reports only), as observed in earlier studies [41] [42] [43] . Consideration of caregiver characteristics may clarify appropriate resource options for children, caregivers and families, particularly in the context of multiple stressful life experiences. Collaborative child, caregiver, and family care, including appropriate educational, psychological and social support, may reduce long-term cognitive and behavioral risk for perinatally HIV-exposed children, regardless of the child's HIV status. This is clearly important for those PHIV youth who experienced early severe HIV disease, and may be at increased risk for cognitive impairment, and more vulnerable to the adverse effects of family/psychosocial risk. For those youth who experienced early severe HIV disease, ongoing monitoring of cognitive deficits, as well as other important family stressors is important for optimal remediation effects. Our data also suggest it is necessary for PHEU youth and their families who may have less consistent access to ongoing comprehensive medical care and community resources. The present study extends current understanding of the roles of psychosocial and disease severity factors on CF and BF among HIV-affected youth, but is not without limitations. The strict inclusion criteria as well as requirements of longitudinal study participation may have increased the possibility of sampling bias and limited generalizability of findings. Although SEM was initially termed ''causal modeling'' [44] , the ability to infer an explicitly causal relationship between the exogenous and endogenous variables remains controversial [45] . In addition, model fit statistics (e.g. SRMR, RMSEA, and Bentler Comparative Fit Index) for the final models were not ideal. However, the goal of this investigation was to examine the effects of HIV-related and psychosocial characteristics on BF and to evaluate whether CF mediated these relationships rather than to test every potential predictor within a single regression model or develop the best predictive model for BF. Utilizing other statistical methodologies such as hierarchical linear modeling (HLM), future studies should examine caregiver and stress-related factors, their continuity, and their longitudinal impact on both cognitive and behavioral functioning to better describe developmental trajectories of youth affected by HIV.
It is important to note that while the goal of the following paper was to allow a comprehensive assessment of multiple domains and their complex inter-relationships with both CF and BF, the variables included in this study are by no means exhaustive. Behavioral functioning during dynamic periods of child and adolescent development is inherently variable and difficult to predict among those at heightened risk, particularly due to factors such as puberty and its particular impact on disease course and both behavioral and psychosocial functioning. Recent investigations have begun to explore the role of puberty in HIV intervention, including its role in treatment adherence [46] , first sexual activity and disclosure [47] , identity development and adolescent-oriented mental health care [48] and disease-related factors, such as age associated metabolic complications [49] and renal dysfunction [50] which further add to the complicated task of statistically capturing behavioral and cognitive functioning and its impact on disease outcomes during this developmental period.
We were able to identify several significant associations and also detected pathways which were seemingly less important for BF. The results confirm the importance of acknowledging the influence and ongoing interactions of caregiver and psychosocial characteristics, home environment, and for those with HIV, early HIV health history, on the pathways to later developmental outcomes. In addition, the present study supports not only the utilization of SEM as a useful approach to understand complex interrelationships among psychosocial factors, cognition and behavioral outcomes of youth affected by HIV, but also the use of exploratory factor analytic strategies to ''fine-tune'' and create a more parsimonious model prior to SEM. Going forward, the key factors that served as potential predictors may be utilized to establish assessment, prevention, and treatment methodologies that acknowledge the powerful impact of individual and family stress, caregiver and youth resources, and both past disease severity and timing of disease presentation in order to establish risk profiles and culturally appropriate, evidenceinformed services for those in our community who remain most vulnerable to HIV.
Informed Consent Informed consent was obtained from all individual participants included in the study.
